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Introduction & Motivation
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Introduction & Motivation
● Top quark discovery in 1995 by CDF & DØ

● Mass

– Heaviest elementary particle

– Important SM parameter

● Cross section

● Properties & other
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Introduction & Motivation
● Top quark discovery in 1995 by CDF & DØ

● Mass

● Cross section

– SM test

– Background to Higgs & PBSM

– Resonance production

– FB asymmetry

● Properties & other
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Introduction & Motivation
● Top quark discovery in 1995 by CDF & DØ

● Mass

● Cross section

● Properties & Beyond SM

– Charge

– Lifetime

– W helicity

– Non SM decay

– 4th generation

– FCNC, W'

– Charged Higgs H+
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Introduction & Motivation
s-channel

t-channel

● Single top electroweak production 
mechanism predicted by SM

● Evidence in 2006

● Very Challenging:

– High backgrounds & few jets

– Need sophisticated discriminants

● Interest:

– Access to Wtb coupling:

● Direct measurement of |V
tb
|

– Top properties

– Background to WH associated production

– Sensible to New Phenomena:

● FCNC, t', W', H+,
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Introduction: the Tevatron

p
p

√S = 1.96 GeV
Peak luminosities > 3x1032 cm-1s-2
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Introduction: the Tevatron

Run IIa Run IIb

­ Showing today
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Introduction: the Detectors
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Introduction: Top Signatures
● Top decays:

→ jet

→ jet

→ b-jet

MET
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Introduction: Top Signatures
● Top decays:

● Top pair signatures:

– lepton + jets

→ jet

→ jet

→ b-jet

MET

→ MET

→ b-jet

→ jet

→ b-jet

→ jet
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Introduction: Top Signatures
● Top decays:

● Top pair signatures:

– lepton + jets

– dilepton

→ jet

→ jet
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Introduction: Top Signatures
● Top decays:

● Top pair signatures:

– lepton + jets

– dilepton

– all jets

→ jet

→ jet

→ b-jet

MET

b-jet

jet

b-jetjet

jet

jet
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Introduction: Top Signatures
● Top decays:

● Top pair signatures:

– lepton + jets

– dilepton

– all jets

→ jet

→ jet
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Introduction: Top Signatures
● Top decays:

● Top pair signatures:

– lepton + jets

– dilepton

– all jets

● Single Top Signatures:

→ jet

→ jet

→ b-jet

MET
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Introduction: B-Tagging
● How to identify b-jets: apply b-tagging

– B mesons longer lifetime: displaced 
secondary vertex

– b larger mass

– Large track 
IP signifcance
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Introduction: B-Tagging
● How to identify b-jets: apply b-tagging
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Introduction: Backgrounds
● Multi-jet

● W+jets

● Z+jets, diboson (WW,ZZ,WZ)

● Top pair is a background to single top!

/jet
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Introduction: Backgrounds
● Multi-jet

● W+jets

● Z+jets, diboson (WW,ZZ,WZ)

● Top pair is a background to single top!

/jet

MC

→ From data
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Top Mass
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Top Mass
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Top Mass
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Top Mass
● Matrix Element with in-situ JES calibration in Lepton+jets

– Matrix Element

– Event by event likelihood vs. m
t
 & JES (ft to W mass)

                 P(m
t
,JES) = f

top
·P

top
(m

t
,JES) + f

bkg
·P

bkg
(JES)

– Top mass at likelihood maximum
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Top Mass
● Matrix Element with in-situ JES calibration in Lepton+jets

– CDF(3.2 fb-1): 172.1± 0.9(stat) ±0.7(jes)±1.1(syst) GeV

– DØ (3.6 fb-1):      173.7±0.8(stat)±1.6(syst⊕jes)     GeV
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Top Mass
● Dilepton (e) with ME by DØ with 3.6 fb-1

     174.8 ±3.3 (stat) ±2.6 (syst) GeV

● Dilepton with template fts by DØ with 1.0 fb-1

– Neutrino weighting (ll,l+t):

     176.0 ±5.3 (stat) ±2.0 (syst) GeV

– Matrix weighting (ll):

     175.2 ±6.1 (stat) ±3.4 (syst) GeV

● Combination:

     174.7 ±2.9 (stat) ±2.4 (syst) GeV
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Top Mass
● All jets by CDF with 2.9 fb-1:

– Selection with NN

– In-situ JES calibration

– Extract m
t
 from 2 of 6 jets

– Mass template fts

174.8 ± 1.7(stat) ± 1.6(JES) +1.2 
-1.0

(syst)
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Top Pair Cross-section
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Top Pair Cross-section
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Top Pair Cross-section
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Top Pair Cross-section
● Lepton + jets by CDF with 2.7 fb-1 (@m

t
=175 GeV):

– Using b-tagging

σ = 7.2 ± 0.4(stat) ± 0.5(syst) ± 0.4(lumi) pb

– Using topological NN

σ = 7.1 ± 0.4(stat) ± 0.4(syst) ± 0.4(lumi) pb

– Largest systematics:
● JES (3%)
● MC HF correction factor (3%)
● B-tagging on MC (5%)
● Luminosity (6%)

– Get rid of luminosity systematic:
● Measure ratio to Z cross-section                                                  

compare to theory

σ = 7.0 ± 0.4(stat) ± 0.6(syst) ± 0.1(th) pb

σ = 6.9 ± 0.4(stat) ± 0.4(syst) ± 0.1(th) pb
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Top Pair Cross-section
● DØ combination of l+jets, l+l & +l:

– Extract mass comparing to theory

– From channel ratios set limits to H+ mass
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Top Properties
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Top Properties
● W helicity:
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Top Properties
● W helicity:

– f
+
 + f

0
 + f

-
 = 1

– Likelihood ft by DØ (2.2-2.7 fb-1):

        f
0
 = 0.490  ±0.106 (stat) ±0.085 (syst)

        f
+
 = 0.110 ±0.059 (stat) ±0.052 (syst)

– Constraining f
0
=0.7

        f
+
 = 0.019 ±0.031 (stat) ±0.047 (syst)

By CDF (1.9 fb-1):
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Top Properties
● Resonant top pair production by DØ with 3.6 fb-1 (CDF 1 fb-1):

          Exclude M
Z'
 < 820 GeV @ 95% C.L.                   (CDF: 720 GeV)

● 4th generation quark by CDF with 2.8 fb-1:

Exclude M
t'
 < 311 GeV @ 95% C.L.

=3jets ≥4jets
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Single Top
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Single Top Observation
● By CDF (3.2 fb-1) and DØ (2.3 fb-1)

– CDF: m
t
 = 175 GeV

– DØ:  m
t
 = 170 GeV

● Event Selection:

– lepton+jets

– MET+jets (CDF)

● S:B ≈ 1:20

& ≥1 b-tag
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Single Top Observation
● By CDF (3.2 fb-1) and DØ (2.3 fb-1)

– CDF: m
t
 = 175 GeV

– DØ:  m
t
 = 170 GeV

● Event Selection:

– lepton+jets

– MET+jets (CDF)

● S:B ≈ 1:20

● Need sophisticated discriminants!

● Cross-section calculation:

– Data & model discriminant 
distribution  bayesian posterior

● Signifcance:

– p-value from pseudo-experiments

& ≥1 b-tag
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Single Top Observation
● Need sophisticated discriminants:

– Boosted Decision Trees:
● DT: sequence of cuts
● Boosting: forest of trees with  

higher weights for failed signal 
events

● Variables: 20 (CDF), 64 (DØ)
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Single Top Observation
● Need sophisticated discriminants:

– Neural Networks:
● DØ: Bayesian NN. Many NN's 

averaged according to a bayesian 
posterior

● CDF: 4 NN's with 11-18 variables 
including a jet favor separator 
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Single Top Observation
● Need sophisticated discriminants:

– Matrix Element

– Likelihood Function (only CDF)
● Also optimized for s-channel

– MET+jets with NN (only CDF)
● Recover non-reconstructed leptons



04/27/09 E Aguiló (York U) 43

Single Top Observation
● Combination: OBSERVATION!!!

– Combine the individual discriminants

● DØ: use BNN
● CDF: use NN optimized with 

“Neuro-Evolution of Augmenting 
Topologies”
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Single Top Observation
● Event displays

muon

neutrino

jet

jet
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Single Top Observation
● Direct measurement of |V

tb
|



04/27/09 E Aguiló (York U) 46

Summary
● Top mass: latest CDF & DØ combination:

173.1 ± 0.6(stat) ± 1.1(syst) GeV

● Improvements in top pair cross section measurement. 
Interesting properties can be extracted

● Measured top properties still consistent with the SM.

● Physics beyond the SM being searched.

● Single top observed                                                        
by CDF and DØ

● Improved direct                                          
measurements                                                                
of |Vtb|

http://www-cdf.fnal.gov/physics/new/top/public.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html

http://www-cdf.fnal.gov/physics/new/top/public.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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Back-up
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Tau identifcation
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Lepton+jets selection
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Dilepton selection
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Matrix Method
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Mass ME l+jets systematics
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Mass dilepton systematics
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Mass alljets systematics
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Single top event selection
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Single top event yields
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Single top systematics
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Single top cross-check samples
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Single top cross-section calculation
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